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ABSTRACL 


Yho halogenated cyclobutenccarbunylic acids 
ere of importence in cormection with ine jooted 
syntheses of theoroticelly inportant cyclobutane 
Aga Votives. 

fo fectlitate the direct synthesis of such 
compownis, the froo redicel cliorination of two 
gixcle .wdela, dyolobutansearboxylic ocld and 
L,lecyclobutanedicerboxylic acid, hes been in- 
vestigated, 

Meocarssy te this stixty vas the synthesis, 

Wy moens indicative cf structure, of 5 isomeric 
monochlorecoyclobutenscorbo:ylio acids, <A ohromnto- 
grephic method hes bean dovelupod capshle of 
effecting the soparction of theso izonors from 

& mixture, 

The results cdotainead in this work are 
consistent with modern interpretations of orgenio 
chomistzy theory aml exter! the scopo of its 
application in the field of froc redical chlorina. 
tion to cerbexyi~substituted carbocyclic systens, 
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SNERODUCEION 


hace haa been considerable iyrterest in this 
Loborutoxy im the chemistry of the cyelavutans 
ring, pertiotwlesty coneerning posaible routes to 
1,3-uyelobutadians cil ite derivatives, Certain 
halogenated cayolobutmmessxmoxyiic soida mich 
wreve usofw. an atexting points in awh aynthesss, 

yor instances, one can write aingle step 
Aintnstion reactions yielding the cyolobutadione 
ring starting from any one of the 4 (disrecatins 
steroolsonere) syemotricel dihalocyclobutanediontes. 
Yilie aaifin shown below: 


COgH 
ee 
oe x X HO, 
FO 46 
x. ii, TIX. IVs 


Th <tivally eath type can give a syclebutadlens- 
@leewbaxylic actA toe less of 2 Ht, however, typea 
XX and IV ney sino posaibly underep » decerbouykctive 
alinination reastten” lgsing & halide end 2 carbon 
dioxide extitios: 
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*thus spatial ervangement of the wen 
svostituents may be ef great immerterce 


actual success of this remotion (cf,, a iy orxt (2)}, 
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Periin, Jv. (3) irrrestigated the only known : 
ropresentative of tyts os 'X = Br, configuration 
wmimown) mai found that upon alkali treatment the 
2-DeOM0-.L-cyclobutanccaxbesylic acid was formed 
Anstead of the expected 1,3-cyolobutadiono-] ,4- ees, 
So wyile acids 


: Br 
CO gH COgH Br 
SO gH O gi CO ,H 
Br 
This seems to indicate that the docarboxylative , 
elimination proceeds more casily than recuwler elimination 
in this series, Dormin and Yakovierv (4) have 


shown that, in the caso where thars i6 no 2-halo 
croup, elinination does readily take nlacet 


a Br 
00 9H 00 gH 
i +] 


ALS 
Only a single compownl ic imow of type II. 


t 134 fons 


3_4~DLchLoro-cis-1.2.07elotvutanediomhboxylio soid 
: wen obtained by Cope and Bug (5) from the 
F* oxidstion of a dichlorinated cyolocotratetramne, ; 
This method’ 1s Laboriows for prepering the é 
material in auantity end the starting meterial 
is not readily avaiiolle. 


* he was ropeated in this Loboratory 
by Hadeff (6), poor yields were obtained fol the 
oxidation reocedire civon by the above suthors (5), 
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Rzamplos ef types TIX end IV arc unlowwn. 

In fact, tho parent 1,3-cyolobutancdicarho:ylioc 
golds only rocently becanec cvatleble throws: 
work carriod out in tite laboratory (7). 

Peisin prenered his tyne I acid by a Neli- 
Volhami-Zolinsky brominetion of the corresponding 
Giecid ex presumably typo ILI could bo obtained 
fn a sintler menner, The approach of Cope cx 
Mare, te type It suffers from tho dianiventsces pre- 
viously oteted and its cumorality has net boon 
Investigated, Hothods leadine to the vreperstion 
o¢ conpounmis of type IV have not. oweviously bcon 
otudiced, 

The gencral purpose of the present irvostigntion 
4a to advance our tmevlodce of propverntivo methois 
Leading to the halogonated cyclobutanccarbo:y1ioc 
eackds, Specificaliy, Pert I of theno studics dcals 
with the aynthesis, by mothods indicctive of 


atructure, of 5 lnomeric noneclorocyclobutanecertvo:gile 


eolds, Pert Ii is a stay of the froo reflical 
chicrination of oyclobutanocarboxyiic aald, 

It is felt that those asataiios, which 
necesrermily were carried out on the sinpler nodals, 
will aid futuro investicotors in tho pronaration 
of more complex halogenated ayolobutanecarbo:yi1is 
aolds. 
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PAR? I, SYNTHESIS OF THk HONOCRLOROCYCLODUTANE 
CARBOXYLIC ACIDS 


in the introduotion it waa pointod out that / 
only tare Gihnlogmated cyslobutanodicarbaxylic : 
eoids are imown, the 1,2-ditrumecyclodutans-1 .2- 
GAgarboxylic anid through the efforts of Perkin, 
dz. (5) axxl the 3,4-dichlorvayclobutene-1 ;2- 
Gicaxrhoxyiio acid throuch the investireations 
of Cope emi Rurg (5). Certain other halogenated 
oyclobutenccorbezylic acids ase imown, ali 
devivatives of oyolebutanemonmecarmoxnylia soid, 
29253 p3u-Toteatl wreocy clobutancesrboxylis 
roid has been prepered recently by Coffmarm, 
Berrick, Cremer end Reasch (8) by allowing tetra- 
Tiuercethans to cendense with vinyl cyenide mi 
Bibsequent hydrolysis of the product, A trihaloe-. 
aoid was obtained by Perkin, Jy, (3) whon bromine 
wea aided to 2-brom-l.ayclobutencearborylig.acid. 
Demin emi Xekovley (4) reported « 1,2-dibrome- 
cynliobutenscarbexyiie eald resulting from the 
treatnent’ of 1-cyaisbutencoarboxylics acid with 
bromine, ; Ke 
Two ejuple momhaloecids are krx~m, Hell 
YelhatiaZelimsky tromination of ayolobutane. 
caxbosylic acid hy Perkin, dr, ani Sinclair (9) 
108 to the formation of 1~brouocy clobutanesarboxylio 
anid, Jones (29), in regent umblisned work, 
hes yrepared one 3-chlerecy clobutanstarboxylia 
% ecid isomer by a severcl atep procedure, % 
The last two inrestisetions ere pertinent 
to the rescrt one and they are discussed at 
length later, The follewing disouseion has 
been divided inte three sections, deotion A deals 
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5 
witn the ureparvation of 1-chlorocyclobutonecarhboxylic 
acta, Section B soncerne tho d-chidronoids white 
Section ¢ 1 ports the etuly of the free radical 
chlorination of 1,1-cyclobuteanodicarboxylic acid 
amt the rroparation of the 3-shlorccyolo>utanc- 
carboxylic acids, 
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Ae Preparation of L.chloreayclobutenscarboxylic Asia, 


The T.chlorvayclobutancsarbozylic sold may beat 
be prepared fyen the corresponding, monccearboxylis 
aoiA throuch ehkerination of the acid ahlorido, 
conversion to the metiy] cstar and hydrolysis, as 
gnewn in figure 13 


CO gi cool Ci 
— a, 
| 
G1 . a2 
00 ,CHy 


fhe scheme for the rreperstion of the 1-ochlorescid, 
Ficure le 


Direct conversion ef the acid to the i-chloro- 
acts shlovide by the Hell-Voltwed-Zelinshy method 
was not satisfactory, Unie corditions sinklar 
to those employed by Perkin, Jy, ani Sinclair (9) 
to obtain the l-bromaciad, a rapid exothermic 
reastion took place resulting in a complex chlorinated 
mixture, <A smoother reaction wea sohicved by 
ehlexdinating the acid ohloride direstly, Te avoid 
on exeees of chlorine, chlorinations were corrled 
out with ths equivalent amount of sulfiuryl] chloride 
waing Lodine as a catalyst and in the ebsence of 
iicht, Only unchlerinated acid chloride was 
recovered from there experiments. The starting 
motemial was also regovered unchanged aftes’ treatment 
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of the acid chloride with tho theore$icel snout 
of digsolyed chierine in onrbon tetrachloride 
solution are with red phosphorus as the cetalyst. 

Hovwovor, ty reculnting the flew of ahlorine 
(20 % exeeoe) throwch tho acid chloride in the 
rrosense of iodine ot 10C°, chictinstion mreeceded 
to clive al5. % ylLald of tho chloreacid chloride, 
This method (11) rrebably depenia upon I¢l sas the 
eotive chiorinating ascent (12), Unsuccessfal 
stteapts vere made to imrove the yield by adding 
need emounts of chlorine, Chlorine in execcas of 
240 % of the theory cave an solid chloride mixture, 
from when, on, treatment with water, o solic was 
obtained, This solid, mp. 104,2-105,2° gave 
malytical resulta in acroenont with a dichloro- 
oyciohutanessrhorviic acid, Little, {f eny, material 
was collecoted in the boiling rence of the l-chlore- 
acid, 

Tho l~chlorecyalebutanecerboxylic acid vas 
mst ehbtcinal in mee form by treating the carrespori- 
ing eid chloride with wetor, Fractionation ani 
cironatorraphy, ouployad olthar seperately or 
consecutively, resulted in « preduct averacine 
1.3 % high An carbon*, However, whon tho sruie 
Leohiareoyclobutanscarborylic ecid shloride wes 
troatead with absolute metheml, pure methyl eator 
was obtained (15 % yield from arelobutancearboxylie 


“3% 4 possible that amell aoumts of snydrides 
a, bo wesponeible for these hich vaiues, After 
eataent of the crutto anid chloride with water thore 
nar 7 bo prosent cycloputaneserborylic auld and I-~chlore- 
sepboryiic acid as well ts the corresponding 
aeensbon ewid ehlorides, iIntorasction of there spooles 
would be oxpecte’ to yield the thes ponsible entyariaes, 
one ot more of woich could codistdal with tho des 
lechlorosoid, Tho armment further sunposes thet the 
enhydride contaminant be nelthor removed nor altered 
urxior the chronaterraphic condition: ainloyod, 
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9044 chloride), This nethyi ester was easily convorted 
into the desired 1~chlorecycleobutanccarboxylio acid 

by on aoid hydrolyola, yielding 42 % of acid, bp, 
111-112*/ 12 m, The overnli yield from cyalobutane- 
carboxylic aci4 is ca, 5% This acid was charactor- = 
Ased by its anide ax infrared absorption. The 
infrared deta have been collected in tables V sexi Vi — 
(p. 47) ani in figee 7, pago 46, ye 
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EXPLRIMENTAL” 


Diotiyi croLobutene-1 i -dicexbomyLate 

A 12-lLiter, Ben rkod » roum-bottonsd Llosk, 
heatod by meens of o Glag.col nantlo, wes eculpped 
with a 5-liter separatory fummel ocalibreted in 500. 
ml, divisions, a motor.driven half-moon stirrer, a 
ot... separatory furmel onlibratead in 12%.ni1, 
Aivisions, a teke-off total-roflux co. .icraer protested 
fron the oir by a colcium ohloride drying tube, emi on 
entrenco for epplying alr prossu<, Attached to the 
lergor fiomei at the bottom was a 1y wan tube which 
ronched into tho flask om did notinterfere with the 
eperation of the atirrer, Into the reaction flask 
was placed 5 liters of absolute ethanol ond, with 
moderate stirring over sa poriod of tvo hours, 
235 Ge (10. 2 g& atoms) of sodium motal wes olowly 
edded, Toword tho ond of the addition, the reto wis 
controlled by the rato of reflux of the ethanol, 
After the solution oconlol to room taupersture, aly 
pressure wan used to forwe 2 liters of the sodium 
ethylate solution inte the 3-lites: funnel, ‘he air 
yewamne was thom released and 962 g (6.0 melos) 
of Aicthy1 nalonete (R11 Lilly eeadie) was added, 
The solution wos vYeught to reflux and 1022 ¢,. 
(5 moles) of trimethylene bromide was added fron 
the 5CO.ml, soparat<ery fumnel in em interval of on 
hour. At the sane time, in 42:2 ratio (by volume, 
Gbhronidesethylate solution), the sedium cthylate 
conteined in the lerger fumel was added, After the 
eddlitien, the refluxing was contimed fer 1.1/2 hours, 
em then tho alcohol wan distilled off by moms of the 
takeoff ocomienser until the taxporature reached 


__ Hore sos by A, Kiek, Los Angeles, All 
melting are warrectad, 
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8o° (as mesaured by 2 thormomoter suspended in the 


comienser), One liter of water on 500 ml, of benzene 


were oedded end the atirring was contimed for 10 
mimites, The closr, two-punse mixture was senareted 
end the woter layor was diluted with 500 nl, of water 
ond 500 nl. of bonnene, The rosulting water Layer 
was cittracted twice more with 125 ml, portions of 
bensene, The benzeno washings wore edfed to thse 
erigingl benzene ecrtract end tho solvent waa stripped 
off at rcducod preacure. Tho higher boiling rod 
brown residue was flesh distilled from a 2.-11itor 
Claisen flank, oolleoting the fraction boiling at 
100-125°/ 15 mn, ‘Thies notarial was trostod in the 
dark with bromine until on added 1 m, of bromine 
wes no longer immediately decolorised. An averags 
of about 30 ml, was rocuirsd in this oten, The 
ember Liquid was frootionatod by meme of m 
electrically heated 15 eh, coiwiai packed with 5 on, 
Gloss helioes, The desired ester was collesctcd over 
a 5 desres range (the major portion of the ester 
hall DD. 120-112°/ 1E he, ng® = L_4343)s the over. 
all yield after refractionation of nolshboring outs 
was 55.5 % (555 c.). The roportod values are: 
Dee 91-96°/ A mm, ngs = 1,4352-1.4334 (13) and 
Be 1050212°/ 25 ma, (14). 

fho above method is essontially thet of Cason 
edi Alien (24) as modified by Lenaire (15), whe 
introduced the bromination stop to renove any allyl 
nalewis ester (b:p, 95°/ 6 mm.) nresent, 


Gy Dlotutene-1 .4-Ii combomylie Agta 

Potaseium hydroxide (225 g¢, = 4 molea) wes 
Gassuavea in 1 liter of sbsolute ethanol sontaincd 
in so 2.liter beakex, ‘The beaker was then cooled 
an an ioc beth om 200 ¢. (1 mole) of diethyl 
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22 
1pl-ayclobutanaiicerbory ate vas slowly pAded, 
Aftor the ronotion enpemred conplete, the mixture 
wee pioced on a stoan bath for 1-1/2 hours oil 
gocassioncliy stirred, The white, oasty moduct waa 
filtered throwh o coarse sintered gisss fierel, 
The soldd was weahod in a beekor with 5CO mi, of 
ebnolute ethonol and filtered off as above, The 
waahing, process was repected, using 500 mil, of 
absolute cthey ami the amudoe votassium salt vas 
axriod to constent veicht te freo fron traces of 
aloohol, The ary calt was token up in tho nininun 
ammnt of water emi 500 mi, of concentrated hyure. 
chiertie acid wes added, ‘Tho resulting precipitute 
waa filtered off ed tho filtrate was evaporetod 
meenly to drynese at 44-50* (water bath) wrler an 
aspirator vacuum, Tho mush was shaken thorouguy 
with SOO ol, of other end the mixture was filtered, 
Tho ethewenl filtrate woe evaporated (water bath ond 
espiretor aa before) umtil mis-inc lines in tho 
istiliete indicated a secom! substance distilling, 
The residue was oryatalliszed from 200 ml. of 
ethylene dickiorido omit the solid ssid ves seperated 
ty fiitestion frem the tw-chase mothor liquor at 
ehout 6°. The rendining traces of solvent wore 
removed with a vaoum pump, The yollowish product 
anellied of hytrechioric acid ami wee spread out in 
thin levors in a hood oveanisht. The remiating 
white powler volched 102.8 «, (71.3 3%) aml melted 
at 154.5° (fe0.). ‘the decompooition peint may be 
pained to 157-155,5° by roomrotallication;: the 
reported (16) melting point 4s 156-158°, 


Oxelemnsgenocrshorviic AGAD : 
Cyalobutane-1,3-dicarboxylic aied (14.4 g, = 

O21 mole) wes placed in a 25 ni. round-bottoned 

flask emi heated at 156° for 20 mimites nt the end 
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ef which time no furtha® evolution of carbon dioxide 
wee oboerve4 (Libcrated cases were bubbled through 
& satiated bariv hydroxide solution), The cemele oil 
was distiiied et 15 ma, collecting the fraction 
bediing at 96.98, ‘The yleid was 8.49 @ (85 7%), 
ngf® = LAA, The reported constants arot bsp. 
96°/ 25 ma, (17), 204-106*/ 21 mm, (13) ont nt 2 
WwAAM (28), 

Qyclobiutanscarboxylis acid wes clso obtained 
an described by Fischer (29). The acidified 
selution following saponification of the diethy2 
1,2-nyclobutenecerbo-ylate was subjcoted te 24 hour 
continous other extraction ani then the ether extract 
Waa ownpornted, The resulting mush was decerboxyleted 
oe deporibed above reovlting in an evrerace yield of 
58.3 % of neterial, bps 96-201°/ 15 um,, nf* = 
2,4415, 


Gyolobutenosarboriis 4eid Clorise 

A 100 ml., 3enecked, round-bottemed flask wan 
equipped with a droyning, furmel, a tharmoucter whose 
tb reached nor to the bottem of the flask, anil 
a seftiux coniense protected from moistise by a 
eaicium chloride tibe. Grclebutanecarborylis acifé 
(33e4 Ge 2 0.334 mole) was added ant 30.5 ¢. (0,222 
mele = 19,4 ml, = 100 % execs) of chosphorus trh- 
chieriae waa dropped in over s 20 minute interval, 
The temperature was raised (e412 bath) to 105 + 5* 
Yor an bow, The light yollow liculd waa decanted 
from the viseows yellov-crance residue and the latter 
wae Pinezed with a far ml, of rhesnherus trichloride, 
The weabing was efided to tho decanted liquid ad the 
solution was distilled Trem a Giaisen flask whose 
neck below the aide am was filled with 1-1/2 on, of 
$626 om class rings (bottom layer) axl 3-1/2 om. of 
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3 me, eiass helices (top layer), The fraction boiling 
at 65-69°/ GO mm, was oollectod ani woighod 30.2 gz. 
(77.5 %), The reported valuo (19) is 65°/ 60 mm, 


1-Gulemoraiobutencomhoryiie Acid Ghlericc 

A Dibdier f111e8 with chlorine-satieate! cexbon 
tetrachloride was crlibreted (hy oouting the mmber 
Of twwhiles. correspoming to a mow volght of chlorine) 
ord attach! through o 3.way Joint to 6 supply of 
ary air ond dry otlorine. A 2100-m1,, rowr-bottoneal 
flesk, carrying on inlet tube attached to its botton 
ani pPlugced by a sintered gines disc at the point of 
attachment, wes oquipped with a reflux condenser 
wrotected by @ Galeium chloride drying tube, The 
Smlot tube was attached to the bubbler and a small 
positive rressur~e of air wes apnlied, Iodine (0,05 g.) 
and 20 & (0.168 mile) of ayelobutanecarborylio noid 
ohlorids ware added to the flask, With the ald of 
an oil bath, the fiask was hoated to about 105° 
ant the air pressure was replaced by a flow of 
Oorine (rate 1.6 g/hour). After an oquivalent 
engunt of chiowine wan added, the resotion nixtine 
was flesh dintiiled, and thon finally fractionated 
at 60 mm, throwh om clectrically heated 15 om, x 
25 em, coltmm peckod with 3 La, class helices, 
A mejax portion of the ‘acl4 chloride was recovered 
wnohanged tacether with 15 7% (4,2 «.) of metorial 
beading et 74~-78°/ 6O om, This naterial »resumebly 
contained sani esammts of the unchlorinsted acid 
chloride, for ite aatdo, which originally molted at 
WA~126,.5", woo rouryntellissti;m from petroleun 
ether, ylolded fractions which amrwach the 155-156. 5° 
nelting point of cyclobutenscerbexylic solid amide, 

An attempt was mafic to inerease tho ylold by 
widing em exsets of chlorine, When s 125 % excoas of 
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14 
chlorine was used,tho mixture hydrelysed with water, 
ond. tne product distilled, a compouni boiling at 
230.138°/ 9 ma. was obtained in 33 % yiold (onloulated 
as dichlorocyolobutencearbexylia sold), This comypows, 
whieh spontmeousiy orystallised, melted at 104. Be 
105,2° (from petrelewm ether"), 

Anal, Oalod, for CglgOntlg: 0, 35,5335 Hy 5,58 
Fouls C, 35,58: H, 3,47. 

The same canpoirxl was recovered in 48 % yield whon 
42% excess of chlorine was allowed te react, 

A @ % excens of ohlorine gave what mey be the 
optimm enount of monochlorination. When 25 ¢. (0,22 
mole) of syclobutenccarferylic acid ahloride was 
treated with 20 % oxcess of chlorine as described above, 
the crue yiold weighed 30.5 g Inticating that oa, 

9% % of the thooretionl mount of ahierine had been 
ebacrded by the reacting liquid, However, when 

thin orute mixture was converted to the corresponding 
enter, as described below, only a 15 % yield of 
ester was obtained, 


the crade niskite es ei} of neta shlorides, 
obtained by the method outlined above, was adda 
Slowly t© 20 wl, (0.5 mole) of ice.cold absolute 
mothmol, The solution was allowed to reaoh reen 
temperature ani then 1t was refliweed for an bout, 
The reaction alxtume war tached with a aaturated 
sodium bicarbonate ecolution, a sodium thiosw phate 
solution, ami finally with water, The arcenio loyer 
wee taken up in ethor, dried with magnesiua syiphate, 
ama flesh distilled, collecting ths fraction boiling 
at 8.110°/ 100 mm, Practionsation threrwch an 
electrically heated 15 am, ~ 1 on, Vigreux colum 
yielded 4,72 6. (15 %, based on ayclobutanecartoxylic 
eold ohiewide) of material bolling mainly at 100. 
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202°/ 200 mms, ng* = 1.4478. This compound gave 
eneiviiocal ficures for nethyl 1-ehloroc7ciobutanc. 
cerboxylates 
Annl, Caled, Loe Cglighgiis 6, 43,40; H, 6.103 
01, 26,5°. Fours CG» 48,495 H, 6.273 Gls 26,44, 
Ankde: A Ol ge aamplo of the above oster wae 
¢aken up in 2 mi, of concentrated aumoniia hydroxide 
ead the mixture was bolled until bomeceneoun, 
The reaction rredwt was extraoted with otha, the 
extracts were evaporated anf the rosidue was 
reexystellined from petroleum other, ap. 124-115", 
Anal, Colod, fow GgligO?PNtl: €, 44,94, H, Sent 
Found: C, 44,963 iy 6.09, 


iitlgd se aillersiysiaiiase tects (8,6 Ge 
= 0,032 mole) was placed in « 100-n.,, rowri-bottomed 
fiask with 25 m2, of Letiyi omrbitel and 22,65 ml. of 
12 8 hydrochloric acid (0.2 mole) end tho mixture was 
heated at 96.105" for 16 hours, After oncling, the tue- 
fiwwe constion product was extrested with © total of 
220 ml. of ethes in three portions, The ethar 
extracts vere combined emi oxtrooted tisteo tines with 
a total of 30 ol, of 5 % sediw hydrexiée (es, 0,064 | 
mole), fhe araline solution was neutralised ani 
brought te a pH of 2-3 om extracted with a total of 
5 wi, of ether, The other ortracts were combined mid 
aried with mamesiu sulfate ani evaporated, The yellow 
oli roneining wes distilled from e $n), Cialis flask, 
Tho major freotion, D.p. 122-112°/ 12 m., wan obtained 
in 42% yheld (1.75 c). The refrestive inex wee 1 
ng® o 12,4545, fho overall yield from oyolotbutmecar- 
boxylic acid fe an. 5 4%. 

Amal, Caled, for CgligQg5l: 6, 44.64, A, 5.24, 
Pound: Cy 4A, 88s H, Se We 
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apidei the L.chleronycisbuteecmoxylio seid 
(0.2 2.) obtained shuve vas placed in a 15 mi, 
eeutrifuco tube and vaa treated with 0.1 6 of cold 
thionyl chloride in the rresenes of a drop of ary 
syviAines, The csalution wae heated on 2. stom Beth 
for obout, 10 mdimtes and them sooled t) about 0°, 
The crude acid chloride uae them dropped slowly into 
ice-cold consemtreted emmonius hydradds, The 
precipitate was oxtenoted with a teteal of 15 mi, of 
chlexwotorm in tvo portions and theas extracts vere 
evaporated to dryness, Roaryetellisation of the 
residue from petroleum othar yhelded « solid, mips. 
123-234°, ‘The mixed melting point proved that this 
adAie vane identical with the one obbainal by | 
ammonia treatment of the somrespending umthyl sates. 


ixiremes. Abscemtion of the i-Gtiesenta , 

The spectrum was token in carbon tetonahloride 
etgomtde celis with a Periin-finmes Modal, Th, Serial 
222, dovble beam cpectrepetometer. the acid 
sennie waa that for which the sicronnalysis was 
given shova, Inivwred deta concerning thie acid 
heve beam opdLested in tables V ani Vi (py. 47) ad 
in figure 7, page 48, 
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' B, Preperation of the 2-chlorocyolebutmecarbozylis > 
Acids. ; 

Sterting, from 1-bronecyclobutenscarboxzylic ie 
4 ect4 (9), Domin and Yakoviov (4) prepared 1-cyclo- Be 
t buteneambexylio sold by treating a dry toluene solution . 
: of the former acid with alkali, As shown in figure 2, = 
the aidition of anhydrous hydrogen chieride to the ou 

ayclobuteno acid could lead to a mixtine of 2-chlore- 

~ syclobutencosmborylic acida, The atersgchonistry of r 
hydrogen helide widition to csrbon-carbon double bonis 

is somewhat wicortein (20)3 howeves, it is reasonable 

to asaume thet stereospecific addition may proceed in BM: 

the trans sense (21), Grovenstein ami Lee (1) as vell a 

; 88 Cristel emi Rorris (2) have rrosented evidence thet . 
Re. with aerylic acid derivatives hydregcn nalide added rf 
* mretoninantly in a trens fashion to the dovble bond, *S 
= One might expect that l-arclobutencearbexylis acid = 
|e would yield cia.2.chjeresy clobutenesasbonyile acid rs 
if , (vy trens-addition) with lesser sweumte of the trans. “a 
ile ohlorescid. However, the eotual snounte of coach isomer 5 


farmed could deper) upon experimentel conditions. 


si 2a~ and 2b. 
COgH Pa ehlorocyclo- 


: 61 butanecarboxylic 
1. Nabe WZ cae crane i 
GO gH | 2 
CO gH med 
at 
C1 i : : 
he scheme for the preperation of the 2-chloroacids, | 
Fipure 2, a4 
4 
> “i “a we o 7 


a a A RC 


itn gy } : 


ae 
ye! 
fae 
we 
ty 


218 

Agtually, when anhydeous hydvoren chilomsids ivas 
added to the l-oveLobutenecsrboxrriia ao4d in toluene 
solution at 0°, the adidtion cave e 60 4 yield of 
a matorial with a boiling renge of 5 Gempecs which 
poiicificd at room tenperatwee, fTiin natemial, vwhon 
rearystallised from petroleum ether, ylolded 8 solid, 
D.De 97-90", sami may bo tormod the 2a-chloroayclo~ 
butcuosapborylic acia, 

To more completely investisate the ome product 
Yrom hydrogen chloride addition, cirumatocraphic 
ecpemation of the possible acids present was 
considered, Lootar Smith (28) firet appiied the 
Bilioic acid delwan devaleped hy Martin em? synco 
(23) te lower fatty acids, Various indicetors, 
including netiyl orange (23). antheormins (24), 
and on aso dyo (25), have since been employed to 
enable these colorless acids te be seen on the e 
colin. Howeves', bromocresol orean (pk = 4,66) 
scons superior both from the stamipgint of @ 
sensitivity end leaching properties (26), The. 
method was actervied te inoliwle the asturated 
etecdett chain fatty acide Qewuch 6x, by Rameay 
ond Patterann (27). Hareel ami Renda (28) svdeoquentay 
developed a general qudlitctive and sacquantitetive 
teolavique fox the determination cf maxx weter solwsi.e 
aakdsa, The metho’ of Resisay anf Pattarson seancd 
preferable in the present stiuly te thas of Marvel 
evi Reis cue to the slight water solubility of i 
uhieorecyclobutene acide, The formes srrbhers also 
wero able te obtair: a hich dogrees of selectivity, 
Using 252,4-trimethyzpentons ta the mobile solvent, 
@ minimum of 10 % of isobutyric acid was dotected in 
seapies of butyric seid, although in a single pees 
through the colum the sepreation was not complete (270). ) 

in practise, 1% was foun! that en isomapic chlor E 
cyclobutenecerbexyiio soid mixture was not seperated 
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by the Ranscy ond Patterson oslum, overeat, a 
meazficction of thoiz columm waz devoloped that 
easiiy senmated the mixture obteinod fren tho 
hydxocon chloride addition to oyciobutenssarboxyiic 
acid inte tvo solid frections, This colum, whioh 
wes operated at atmospheric proseure, employed 17 % 
equeous metkanel ap the non-mobile solivont, n-hecone 
a6 tho mobile séivent and colite 545 as a flov-rnte 
socelerater., Titration accomling to the mothod of 
Mewyel ami Reais (26) showed the 2a-chlarmoyolobubanc. 
eerboxylic acid to be present te tho axtont of 55 ¢ 
f the tote) seid content of the arudke produst,. 
imether component, which may be termed the 2b-chlsrs- 
ayclobutencosmbonylic ecoid, was shown to be present 
te the extent of 30 %, 

Shese acids wore charanterized by theixs intre- 
red absorptions ani p-hrenmophenaayl esters, The 
aeechloresoid st 150° an the presence of concentra. 
tod hydrochierio avid was converted within 30 ninutes 
% & mixture of which 80 % of the aold titrated was 
a& compound that moved on tho colwm in 4 mexmer 
siniinw te tho go-chioroacia, No 2a-chioreacid was 
formed whan 2b.chlareaciad ves Jilrewlsao throated. 
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ia Ansel ne eats Gans (9), 59 6. 
{0.6 mole) af ayclobutenwomtborylic said was 
tmented vith 5.3 ¢. of red phosapherts and 150 ¢. 
{0.94 mole) of phosphorue pomtaoride-dried bromine. 
The 4s0lated nroduct, up. 42.45°, weighed 40 g. (45 %, 
Pertcin amit Sinclei: report np, 48-50°), 


$ type n5 


SRR TREES nydronide (33 g, = 0,945 mole) em 6 
25 mi, of dry toluene wore sidad te a 20-ml., 3-necked, 
rount-bottoned flicak equipped with a pedlix comlensar, 
dropring Sumnocl and motor-driven Horghhberg stirres, 
Tha xoostion mixture wos plneed on a boiling wate bath 
and, vith vicorqus stirring, 40 ¢, (6,223 mole) of 
inbrumoneia, Gissolved in 40 ml, of dry telucne, vas 
alowly dropped in over 8 period of % nimites, During 
the aifition the mixtime tammned tan and beeme quite 
pasty whilo the toluens was seem to parledically refi, 
The mistrte wos heated am scd’tional 30 nimites during 
Vbich time the toluencs ma ianges’ refluxed, fhe contents 
were alloved to socl and water wns added mtil the me 
oinitete Ateneived (en, 200 ol,) Sho weter~-toluens { 
- mixturo wee acidified with auifuric noid until the 

resulting precipitate aissslved (gi= ca, i), The layers 

bi wore separeted aml the toluene leym was washed with 
. about 96 mi, of water, senersted, mace’ in a sustian 
vile saeak vsquipped with « capiliery aix lock coi then evapor. 
‘ ; ated ot 50° ant 45 wa, After a solid hed seperated, the 
oA roost of the solvent. wag reemved at roo tonpernture ani 


A 


allt 


; iS nm, The yleold of rod-brom aclid wos 9.6 g (54 7%). 
* Reerystallisstion of o sample of the crude modwot fron 


cia MRI +1 


ERE ee 2 


1 ES Re 


a1 
bensensc gave 6 white solid partly melting at 65-72° 
but turing, at this tecparsture, te © clesr cum, In 
@ molting Mosk prchoatod to 78° «a sample melted 
eonpletely but quickly selidafied to a nliky mite cum, 
(Demin aml XYehoriey report a mp. of 72°.) Ne attenrt 
was nate to murify the crue reodust (sce net section), 


" " e rhowiia 4613, 

ee Tin lls AERA SOAS) 
= 9,085 mele) meererod shove was placed in a 100.m1, 
rou-bottemed flask, conled 16 0° aml tien the flagk 
vee macet in a heaker of ice anf voter which was reat. 
ing unos a balance, Dry tolume (50 mi.) conf 5.3% & oF 
hydroquinone (to roterd polymerisetion) was aided, én 
imiet tube with a porous Gisas hent was cormectod te @ 
sevase of orhydroun hydropon chloride and suspented 
isto the liquid, After 3.2 ¢ (0.086 male) of tydregen 
ehieaside wea passed into the solution, the reaction 
flask was stoppered mil stered at room temperature for 
7 hows, An aiditéonal 3,2 c. (totals 0,375 mote) of 
hydrogen chloride wae effed at 0° and this mixture was 
aliewed to react fox an additional So hours st rven 
tenpermaturo, fhe saber liquid was filtered treo fren 
@ alight sxzrunt of amerpheus mresipiteate, the tolucis 
woe ateLpped eff, ani the medust was Metilied st 
6 mm. collooting the fraction boiling at 115-220°, 
ean aa ena ongoing gens as 
the receiver weiched 6.5 5, {35 3% yie24 ) oxi, after 
rearystaliizotion Srom potrolem etuar, moltell ab 97. 
99°, The yielA from 1-tromosedd wae 25,6 7, 


Procoture D: The said may nore convientiy be ebtain- 


oh CSpectiy without Lavlation of the wunastureted asid 
ang without loss in overall yield, Potassium hrdrexiie 


(206 6.71,99 mole) anf & @ (0.446 nolo) af 1~brenmacid 


weerh Hliowod t) react as given dbeve, The ooo) reaction 


Om 6 7 ww 


a 


mixture waa treated with 400 mi, of water acl separated, 
The aqueous phase was weahed tyvice with toluene ari 
the combined teluae sdlutions t¢ere dried with magnesium 
oulfate fer SO mimuten, After sopmation free the 
éxying egent, the solution was cocied to 0°, In the 
monner dasomihed shove, 0.5 g, of nrdveqdinons axa 
1245 & (0,338 mole) ef ankydrous tydrogm chieride 
were aided, After 15 hows at room temperature, the 
solution wae sa@ureted twice more at 24 hour intervals 
with 8.0 g oma 7.0 &, voupectively of hyxtwecen 
aiieride, The tetal time of reaction was 62 hours enf 
the total enout of hydropen chloride added was 27.3 Be 
(0.745 mole). ‘Tho product was isolated sscomling to 
the dircctionn siven in Procedure A, A yloid of 15.8 5. 
(25.4 4) Of cOLIA Tepe 9658.98,2° vas obtained, 

ee gee De ee OP RTE Volng 0,1 ¢ of the 
dao cl gap auntay “Nin cease nbabaima Gas te tk a 
emi Fuson (29) ydolded onystais frou weter-cthawl, 
Map, 88.89. 5°, 

Anal, Calod, Sor UgglizeOgWGli 6, 47.03) 5, 3.65, 
Pounis ¢, 46.9873 He 3.66. 


ieevernijon of the colwasmy ellinckrodt ailioie 
noah (UY Gel,» epetialiy propered fee chromatographic 
snolysia by the mothed af Remecy and Pettersen, ant 
3 @ of salite SAS wave placed in c oorter and 
thaoudly mixei, A selution of exsbtly 1.7 me (% 0.96 
ml.) of weber, 82k, of absalute method, 1,5 Geers 
of freahiy rrepered 2 5 (2 0,2 8) comeniwm hyirexide 
emi i el, of trummarescl sreen indientor (0,900 ¢./ 
$5 of, methanol) solution was added anf the pasts 


Te a ad wy +5 : 


ta 4 a 


ao 

ea the howane world met f43 2 2,6 < 52 on, ohese 

$gube whieh had a atopoock (2 mm, bore) ecalsd onte ane 
om, A&A gcell cotton nlws wee classed in tho bottom of 
abs te ouh, with the stevesck opm, tho niztusee was 
eftied in ene botch widle the sluery wos etirred vigos 
gualy, Tho colum wae topped gemtiy util tho level 

6f the siiioia anid abowed no settling over a period 

of 15 nites. 

Xt hak dean fouwtsl thes with tho ori¢cinel Ronse 
ont Pebtersen oolimm (containing no eolite), the use 
of 26-45 om, of air pressure, a6 recommemied by those 
authors, reankted {in considerable drying out of the 
jawer ond «ef the colrwm emi thus mliing of the toda. 
(the of yaowim haf the same effoct,) At Lower 
peeesures tho rato of flow of cluate’ wap oaxtronais 
SLO, this rate difficrlty was conahat overcomes ty 
the use of 15 % eelite, Even with calite, howerat, 
best separation vad achieved at atanspheric meosmre, 
Rane of eoperation wee ane fomd to he dimootly 
depenfiont upan the canaentgation of water and of 
etmentia an the céiuam, if onch was net present in 
ee er ee ees ee eee 


“ eteave (ots Be 2.) wea taken up in 5 al, of nehexens 


ext the solution, ite so anal enqntt of tho on. 
@howoania watch was yet uniissolrad, wee wided slowly 
along the sifec of the tube atbuut 3-2 on, shove 

the surface of tho adiicio acid. After this netesiald 
whe sfeorbed care the colum, the atdes of the tube 
wee washed with 1 m1, of nehexemms, After the 
seazio wes complctaly aileorbed, further tapping of 
the columm wee nvaidel, n-Hexane was afAGt to the 
reereres oolwan Mlowly oo that the surface of the 
sitkoic aclé was nxt Gietwded, the column wes 
developed, the leval of the sulvert being maintained 


nes = 


ty suspendirs eves: the oolusm a steppmred, hoxane- 
filled, l-Liter sopsratery fume with ite stepoock 
open ani bering its ertt tip slickbiy below thie 
lewal, The develoment waa contimed wustil the 
effluent contained only traces of sold (8 days), 
After sevoral Ama, entrapped air within the colum 
collected into bubbles which wore fread by tapnine. 
Thia allowed a more rand erfluent Plow, fo 

Fiswre 3 is a plot of the titeation values of 
each 10 ml. fraction following the first a mm. 
thewugh the coluan, The titration method waa that 
of Merwe], anf Rania (28) useing 0.029 8 sodiéiua 
hydvoxide, phenol red ag en indicator and tam dren 
at 1. % Dreft solutden, Fractious 16-41 required 
15,56 nls, coxmesponiing te 55 7% of the total aia 
comtent of the arwie mixtises this material was 
identified as 2a-chioresyclobuteneserhozylic actA as 
outlined in tho next section, Fractions 1~15 required 
6,82 wl.» representing 29.5 % of the acid contents 
this wes the Machlorvcyclobutanscaxhoxylic anid, 
Thus, the 2.chlormacids escouited for 64,5 % of the 
Or ee ee 

44 om 0 a bonds 45,.¢ x 36 om, 

cries wha vesuatste Ss aicus doeuetien aa oe 
42 with 166.6 « Of stlicic acid, 33,4 & of aelite, 
10 wl, of iniiestos, if ml. of waite’, 50 ml, of 
esalute methanol, ant 15 drops of 1 N anmenius 
hydwoxide, A omsxio mixture of 2-chlorescids (1,985 «. ) 
in 100 ml, of hexane solution wes introduce’ onto the 
oolusn ec described above ani the colwan developed with 
hexane. Teo banis clemly seperated onl after 1100 mm, 
ef eluate had preged through the oclum, 100 mi. 
fractions were odliected (during 6 days), 

Evaporation of the solvont from middle fractions 
of the seconk band yicided a solid which efter 
yoorystellisation from petryelewm ethat malted at 
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Figure 3. 


Chromatogravhic Separation of 2 Mixture of 
@-Chlorocyclobutanecarboxylic Acids 
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97.0+98,5", the 2a-chlorocyclobutanecarboryiie acid, 
Antl » delod, fer C ghhyO 913 C, 4A. G55 He 5. 25. 
Found: Ce sari iy rene 


ise G58 GS EE Ge Us PL etinematSen ot 
the eluate yielded a yollow of1, Thai tits yellow 
color waa not lefched bromocresol preen was shown by - 
bringing a portion te pi a6 with ammonium hydroxide 
ami noting no color change, Rechrozstorraphing the 
eft on 81,8 x 20 om, colupm packed with 4.2 g& of 
piiicic acid, 0,8 g of celite, 2.2 mi, ef sabnoolute 
methanol, enti 0,5 mi, of water, remitted in a maonta 
bem which remained at the top of the column bub the 
Liquid obtained upon evaporation of the hexime stiii ‘ 
was a pale yollow, A pebtrelem ether solution of the : 
yellow o11 when cooled to ca, ~60° became vory visosous 
duh no arystals seperated, If, inetent of rechronsts-. 
exvephing, the omicinal yollow off wan @4stilled fre 
ea 5 wm, Claison Tlesk, 4 fraction waa ottejned. boiling 
et 127-130°/ 15 mm, ami consisting of a palo yoallow 
o12, ng? 21,4775. 

Anal, Colod, fox CyllyOgTl: Cy, 44,65) 2, 5,25, 
Fowl: C, 45.47) 5.35, 

For refragtionation of the above distillate, the 
seonimiero distilling apparatus of Gould, folemen exd 
Riemann (30) wee employed using four 6 x GO mm, tubas 
as Receivers, Fractions wee obtained as follows: 


No, beDe/ mn, weisht (2. ) ngs 
le . 96n180°/ 24 0.1284 1, 4566 
Ze 120012245°/ 14 0.4780 LAv32 : 
Be 122,5-125°/ 14 0.2320 1,4768 
4, above 125°/ 14 0,0223 Se ee 


All the move fructions ware solerlesa, On the beais 

of the nicrosnsiysis piven below, Fraction 2 coansisted 

ef Sb-chierncyclodutaxecorboxyiis e824 with on unimow i 
conteminant, Freotion 3 ves ealysed anil cure a | 
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eerbon yelue 3 lowe 
Anal, Caled, for CgllyO,0l: Cy 44%.65, i, 5.2% 
Found (Srnotion 2): C, 435,35, H, 5.30. 
peRremonphenncy, estoy: Using Owl ce of the 
Mbe-chloroacid, the procedure recomionted by Shrinor 
eri FPuson (29) yiclded aryotels fron wator-cthenol, 
MePe T3—96~74.1°. 


AMAL, Caled, for CapMagOgt2x Ol: ¢, 47,085 I, 3.65, 


Fowl: Cy, 47.355 "Ny 3675. 


Tho spoctra vore tekken in exerbon tetrachloride 
solution (0,050 ¢./ml. for the 2beackd and ao 
patwetod colution for the Gn-aeid) uning 0,05 mm, 
sodium chioride colls with a Perkin-Ilmer Model 21, 
Sorfhol 122, dowvle bean spoctrognotoncter, The neid 
sopLes vere those for which the microensliyses were 
given ebovea, Infrered date aoncerning these acids 
have been collected in tebles Vv. and VI. (p, 47) and 
in figure %, pase 48, 


Qualitative Investinations Saaplos of 0.1 &. 
eeah of the 2-chioronclids vere sealed in seprato 
6 x 100 mm. tubes containing 0.5 nl. of concentretecd 
inydrochioric esid ami pinced in on off beth, The 
texperature wea broucht to 140° over a period of an 
how mx held at 146-155° for 350 minutos, She drrk 
red-brown polutians were extracted with ether anil the 
other cvanoreted, Tho residiwese wore beiled with 
benzene to remove water ond the benzene reaiducs vore 


chromatorrepiied on 20 5 (siiioeils ecid + oolite) colum 


Yrerpexvod as noted on pace 22. Hoesnidea the wus non- 
moving naterLel ot the tos of the column, euch colum 
hai only one meving bond. The cfflucent peak of the 
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pond fron the @n.chloroselé van 80 mi, while that from 
tho @-ohlerescid wos 100 nl. Figure 3 shows that the 
offluont peek of the 2a.chloroacid on a 20 g. colum 
wan 270 mi. whiic thet of the 2-ohloreecid was 120 ni, 
In enoh case only [3.24 % of the total theoretical 
acid content ox the colum was titrated, suggesting 
that colum hold-up anil decomposition ascounte’ for 
the rennining 75 %, It was noted that apparently mere 
metoriel remained at the tep than usuel for this top 
ben’ (usualy tho tep 1/5 of the calumn) extenisd 
shout half way dow eagh shronatesrm vicn the 
titrations were oomploted, Frootionation was oorntinued 
until A400 mi. ef Bhe cluate hai bean collected, 
Quentitetive juyesticstion: One tenth-cran samples 
of 2e-onloroarclobutenscmmeryile acid were sealed in 
fow & x 100 ma, trhes, eash with 0,5 mi. of concents*ated 
hydroochioria acid, an& placed in o mshoated e431 bath 
at 180°. A tube waa renwved at the and of 1, 5, 15, 
end 3O mixes, The contents of the tubes varied in 
apperrense fvom the Lwzimute tubs whie> apperentiy was 
umroaoted through the 5. and 15simrte tubes which 
wore progronsively darives’ to fhe 30-minute tubs which 
was vory woll bleskened, The nethod of Isolation sani 
ennlysis vas that described in the shove paragvarh, 
if tho peek obtained by tho l«mimte trbe's contente 
is taken ag that of tho 2e-chierosoid, then the first 
poak GG be titrated ocoupled a position corresponding 
to tie Mpohleswacid (3,6, 1X ol, moeviaua, se in 
figure 3). Table J stwemariaes the results obtaineds 
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| Tine Mtration values Percont of Porcent 
(ming) (0,01263 H Naot) total ROOOTORY 
+ (oh. ) of 
lst ani** Lot rv sore*® 
peal poalk poalz peak ‘ 
30 13-4 334 80 20 2.4 én 
15 12.66 42 76 30 FY 
“ 5 TA 6.72 46 5A AG 
3 on 17.5 re) 100 “7 
*me theoretical reco was 40,6 al, Two other : 
tine periods were also Laie rg 7 Sr a aac 
However, re in these two cesea was 10-20 
hichex dnan in esses noted, thus molcing their 


snegses soos questionable, 
‘es cebacee Boy ima of this bam corresponds to theo 


re coh eae em ae ee Re en 
2a-chioroesiai (see p. 28), 
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C. reparation of tho %.Cchlorocoyclobutenesarboxylic 
Acids, 


Previow to thie investigation,R, C,. Jones 
(10) had reeperdd one isomer of the 3.chlorenyroloc~ 
butenecarboxylie acid by the copper catalyzed dosomp- 
osition of the coxrrenpomling 3-ohlore-i ,i.diasid, 
The latter rosulted from the action of thionyl chloride 
on the 3-tydroxy-1,1-diacid in the prosence of 
ryridine (fig. 4), Upon ropeating this work, sterting 
with hydroxyaciad prepsred pwovlousiy in this laboratory 
(21. }— an 041 wos obtained from which a solid acid 
apparentiy identical with the Jenes acid was isolated, 
Thhe anid, mop, 51-52,.2%, may be terned the 3a-chicro- 
ayolobutmoecarborylic sei4, As one may see from 
ficure 4, the Jones reparation would be axpeated to 
lead to = mixture of th. two forms, the 3a ani the 
Shi 
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The scheno for the preperation ef the 3-chlorcacids, 
Moure 4, 
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The relative insscossibility of the hydroxyasid as 
wall an the fact that appmently only cimm tsmasr wos 
obtaince by the Jones method mate it derirabie to 

eee emothor pathyuay to the 3.chloroacids, 

Ash om Brown (52) found that cortein direstive 
effects were observed in eliphatic chlorination, 

Ag a terminal directing group (-O00!, ~COG2, ote. } 

is madic more cloctrophilic, froo reiical chlorination 
tokes plnce less readily in tho alphe position. Thiw, 
with n-butyric ackd they found 45 % cash of the bote- 
ex] came—haloronated produsts ani Lo % of the alpha. 
haloscid, ‘The corresponding acid chloride gave 45 % 
comn-neloscid, 49 % bete-haloacid ani only 3 % of the 
alnhe-halonoid, 

One would axpeot* that a free radical chiormina 
tion of cyclobuteme-1,i-dicarboxylic said or of ite 
oquivaleat would leai to « mixtures of 2.chlorodiagid 
ani 3-chlorodiacid, These aelds oowld then be 
scpexated by orthodox methods, It was fouml, using 
tis ayels butane] ,2-diacia, that sulfuryl chloride 
with benzoyl peroxido failed te chlorinate the ring 
either at 77° for 48 hours 4n carven tetrachloride 
solution or et 100° for 6 hours in sym-tetrachlaroe 
othane, If, horever, the diacid aishloride was first 
propered and isoleted, chisrination yoceedias wither 
added solvemt, the tenpcenture rising ag the sulfinyl 
chlowide reested., The chlerinated material consisted 
almost entirely of the S-chiorediasidese as wa Dy 
comparison of the decarboxylation producte with 
cuthentio neteriels, This would seas to iniicate an 
enhanced elcotrophilie character of a 1,2-diacia 


*netore the experiment, Professor H, 0, Brown 
predt in o private cocmmni cation, thet the 
3-chl acid axl only aigdbie anocunte id 2-ChLoinw 
diacia would result fron chlorination of aydlo- 
dutone-lL,l-diesmbenylis seid, 
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32 
dichloride grouping obove that attributed to the 
fingic COCL cxwup. Ash om? Brown have shoim a 
siniier ormhonconent in tho somes: -ON%gSl < -CiCl, 
€ -OOl,. 

fithourh: a pair of Asorers micht bo expocted 
4n the docomposition of the 1,31-diacid, At vould 
mot soon inposrible, oo the Jencs work and ou own 
repetition scomod to indicate, that the dacarbonylction 
reecess misht favor one isomer practically to the 
oxolusion of the other. In cn attenrt to oilreunvont 
this poseibdlity om to prepare from tho 3-chlorodisaald 
or its onuivalient the isoner which opperently had not 
boen obtained by direct decerbo:ylation, the schenoe 
shown in ficure 5 was dovised. Separetion of the 
desired Lisonex* waa te be offcctod either at the 
last step (as indicated in the figure) or at sone 
intormediate step en route, 

Stawlincor and Ott (33) were successful in 
converting, dLothyinalonic ceid into the half acid 
chloride, This lattor nmaterica weo found in this 
study to react with mothaml to clyro the halfacid 
OGTEY,s Med. 15-16.%°, described by Dumcsnti (34). 
Upen deoorborylotisez, 535 “ of tho oxpocted diethyl. 
acetic cold, n§® = 2.4030, was isolated, Howevor, 
whon the method wos spnlicd to 3-chlorocyolobutane- 
L,l-diacid only diacid dichloride ond umreacted dLacid 
could bo roscurored, 

f& study of the treatcent of tho diacid dichloride 
with ono oculvaient of methanol resulted in yields 
of wroseted netorial and, to a minor extent, hicher 
boliing, fractions from which, aftor treatnent with 
wator, only diactd wan Isolated, 

At thins point it was decided te atutty nore 
ewlticnliy, by chronatocramiuic nothods, tio crude 
distillate fron the decomposition of the 3-chlore- 
eycLohbuteno-~1,l1-diaciad an! a teciuulcuc was developed 
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Proposed Syntheses of a Mixture of 3-Chlorocyclobutane 


Acid 
cocl COgH 
Hg0 
cls / cocl 1 CO gH 
CH,OH 4% \y 80Cl, 


ke aes NE perce Races 


GO_CHs \. coc cool CO gH 
e + i ; 
Cl C001 C1 COsCHg Cl COsH Cl \/ COCL 


HO  cHgoH 
COgCHe CO gil 
+ 
o1 CO gH a CO gCHy 
{ - 00s 
OgH 00sCHs 
thre —> 
o1 o1 cl COgCHs C2 CO gH 
Figure 5. 
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for this rmepose (see paces 16, 22). Aprlicetion 
of thia method lod to the soparation of the decarboxyl- 
ation oaixture ints to fractions which togethor socouted 
for 8 % of tho tetal ecid content of the crufe oll. 
one fraction {51 $) constoted of tho sane acid Lsolated 
proviously by following the Jones procedymre fe show 
by mixed melting points of the acids and of tho 
p-bronoghenncy2 estore), while tho othor (30 7) was 
© new Loomer, mp. 43,9-45,5°, which mg be termed the 
Sb-chlorocy clobutanw. whoxylic acid. 

Tho two aoide hw . been choractcrised by their 
anfrered ebsorptions ami pebromonhonecyl] cetors, 
Tho enides prepared from cach acid anneer to ba 
identical, A prolininery innonclusive attenpt was 
nade to isomerise one 3~chloroacid into the other. 
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ROOPEPUETNTAL 


oyclovutono-Ls2-Gicorboryiis held Dighloride 

f. rounti-pottomed, 5O0-mi., 3-neckoed flask was 
fAtted with a reflux condense, a Gropping Same 
emit a thormoneter whoae bub vocahed necaly to tho 
hotten of the flask. A caleium chloride dryinre tubo 
om the cordsnsor protccted the system frem moisture. 
Cyclobutenc-1 ,1-cdicarho:wylic mold (104 fe, = 0.723 
nole) wea pnlesed in the flask ond 340 c, (245 mM, = 
2.892 mole = 100 7% excess) of thionyl chloride waa 
aided duine 20 mimrtos, The tenpornture was raised 
vy moons of o Glnas-col heating mentle wntil reflicing 
Stertod (10 mimrtos)., Reflucing was continucd for 
3 hours, tho tonporature riging from 45° to 90°, with 
little om no acid fumes evolved in the last how". 

The yellow eclution wes then fractionated through on 
olectrically neated 15 am, coliwm packed with 3 mm, 
Class helices, ‘he yield was 100 cs. (77 2 af theory) 
of netcriol boiling ot 108—110°/ 60 om, 

Do avoid the 4sclat4ion of the free cyclobutane. 
l,lelisorboryiic acid, om attennt was made to convert 
the dinotassium salt obtained fron the saponification 
of the corresponiing oster directly into the 1,1- 
diacia dichloride by use of thionyl chloride or 
mhesphorus trichloride, ‘hen a benzene sluewy of 
ths salt vas treated with nhosnhorus trichloride 
& Vigorous exothermic reaction took pines, After 
rewovel of tho benzene, attempts to distill the 
renninin: metericl resilted in considerable cherring 
emi only 10 % of the dos4red yroduct. Uso of thionyl 
chloride without edditional solvent improves the yiold 
to ehout 25 7%, Iselaticn of the froc 1,1.~dsacid 4a, 
therefore, recormomlod, 


emice: The anovo two-degreoe-rence material 
(0.2 Ge) was eddedt slowly to 2 ml. of ico-cold 
soncentrated ammonium hydroxide, Tho resulting solid 
wes weohed three tines with 1 nol, of ico-water ani 
rocrystellized fron hot water ceiving woll dor 
THALES, Dele 278.278, 5° (doa. }. 

fmol, Caled. for CelynQnlig: 0; 50,703 H, 7.04. 
Found: Cy 50.65) ily 7,06. 


32 ChLorecy cLobutnnojnialndicerboryi is A014 Dishlorido 

A 206 ml,, 35-nceked, rouwmt-bottenal flask was 
equipped with a reflirt comlensor, drying tube, the’no- 
meter ond dronning fimmel aps described above for the 
oyclobutane-1,1-dincid dichloride, Into this flasic 
vero nileaced 100.7 co. (0.556 mole) of the 1,2-dinacid 
dichloride and 2.33 5. of bennoyi peroxide and then 
47.2 rm. (78.8 c. = 0.584 mle = 5 % excess) of 
sulfiwyl chlorido was slowly added as the solution 
was brought to refliucing temperature with the aid of 
& Glas-c)l mantic, Refliccine was contimuced utili the 
tempereture rose to 110° and few fimser wero observod, 
(Sits required from 1-1/2 to 2 hours,) ‘Tho yellow or 
red.oren:e aolution vas fractionrted as above with a 
Ash reflux-ratio yielding 62,8 ce (52%) of bop. G~ 
98°/ 14 ma, The yleld wes raised to 60 % hy 
refrnctionating neighboring fraotions, The starting 
netomiel was recovored in 25 % ylold from lower 
boiling, fracttona, 

Ancol, Cale, for UgligpGyCls: C, 33-423 H, 2.32, 
Foumis C, 33.26) H, 2.595, 

Digiides The 3-chlorodfecid dichloride (0.2 ¢.) 
ap converted to the dianide os outlined for tho 
unohlorinotod natemiol above, Reerystallisation 
fron i093 wator Geve crystals, tep.e 212.5~215.6" 
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Brom the D-ciiloro-lyl-diceid GAchleride: The 
jechLloro-1,le-diecid diciloride (2.07 g. = 0,CO5 molo) 
wos Diaced in cr 15 ml. centrifucoe tube amd l mi. of 
water wen aided, With virorow stirring tho mixtite 
was heete’t on a stoan bath. After oa briof induction 
perted the renction proccedced without oxtornal 
heating, ther extraction of the one phase acucous 
solution ed rosultens evaporation yiclded 0.85 2. 
(200 7%) of map. 135-142° (dec, ). By roneated 
roorystollization from ethylene dichloride the 
deconposition point may be raised to 158-159,5°,. 
Inconoicte melting. occurre? coneuwrontly with 
deconposition within this rane, 

Fron the S-lyadrp:y-lsl-G4cold (vodhtiod” gonoa 
Hothead): A 300 ml,, J-nocked, round-bottomed flask 
was equipped with a rcflux pertial-teee-off condonser 
ond @ dropping fumol. To a mixture of 29,6 6. (0.372 
Mole} of dry pyridine ond 100 mL, of absolute ethar 
contrinec 4n tie flask wes eddead 20 g (0.124 mole) 
of 3-hydrozy cyclobutanc-1,1-cicerbonylic acid (31). 
The solution wan broucht to reflux and 48 ¢, (55 nl. 
= 0,740 molo = 100 “@ cuoess) of thionyl chloride vas 


*in Ids actual proceeds, Jones treatod tho 
reaction product with o mi:ture of ice, water, and 
ethor end quicicly oxtraeted three times with cther, 
Tho ctherer! solution ves shaken with sotiureted sodium 
chloridc solution, filtcred through sodium sulfate 
ani cllioved to ovancrete et room tonrercture, Jitter 
the bulk of the cthox had cvaporsted, 50 a. of water 
wes added oml alloved to react ot room temperature for 
24 hours. The aixture was thon weened on o sateen beth 
ena the solution wes decanted fron the ofl], treated 
with Hormit, fiiltcrod, and cllewed to concentrate at 


roou teapcretime, This latter ston, in this loboratory, 


roquired eicht dayo, ax the yiold of the acid was 
increved 16 % to sive the 56 % renorted by Jones. From 


the stendpoint of oase of operction md tine sconsumpiion, 


the procedime civen in tho text above is probably 
desirable, 
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Gropoed in over a three hour period, During the 
first how the aolution was under tetal reriux ani 
50 % of the thionyl chloride was sided, The othe 
wac taken off in the second hour and the oolution wes 
egrin witer total reflux during, the third hour at 
which time the addition of thionyl chloride eas 
completed, The coeled solution was slowly porwred 
onto % ge ef ice ami then the mixture was heated 
on 6 etcan bath Bor an hour with coossional atirring. 
The oritcinal dark of2 reaoted to cive om oveqne 
solution which, aftor cooling, waa exérncted with 
10-100 mi. portions of other, The ether vas stripped 
off wumti2 the volume tras about, 100 ml, at which tine 
100 mi. of cthyleno dichioxmide was added and the 
solution distilled until tho volune was about 40 mi, 
Upon cooling 8,9 & (40.5 % of the theary) of solid, 
M.D. 240° (doo.), wae odtained, (Jones rerorta mp 
130-160° dec, ) 


ain @uospayclobutanccepboryise Ao’ 
Decarpoxyiation Ai The 5-chlorsarclobutens- 
L,le@loarboxylic avid (3.24 ¢. = 06,0182 mole), 
obteined from the correspornling dLacid dichiaeride 
by bydroiyeie (cf. Pe 37), was placed in a 10 al. 
Cle&son flask ata heated at 180° for 2 mimitoes 
et the end of which time no futher evolution of 
coebon dioxide was observed (tho liberated frases ware 
bubbled throush o saturated berlin hydroxide solution), 
Tho ormde of2 was distilled at 4 mm.. collecting the 
portion bolling at 107-115°, After repaated reorys- 
tallisation from petroleum ether at dry icec-acetone 
beth tenpornture, a solid was isolated, mp, 46~ 
51,8° (Jones reports mp, 42.5-45,5°) 
Degexboxryletion fis This experiment differs fren 
the one above only in that the 3.chlorocyclobdutane. 
1,1-Gicowbonylic acid used was obtained by the 
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39 
modified Jones orucodure (of. p, 37) axt in that 
copper powder (0,1 6.) wes added as a catalyst, 
The rroduct, which was collected over the beilling 
range 110-115°/ 4 om., weiched 2,82 ¢ (75 %), The 
solid, after oicht rccrystailizations at ca, 60° 
from petroleum ether, had a melting point of %.5~ 
52.5°, It showed no melting point depression when 
mixed with the above 3n-chloroacid (decarboxylation A, ) 

Amide: Procedure I: The 3a-ehloroneid (0.28 «.), 
obtained by decerboxylntion A above, was placed in 
ai5 ml, centrifuce tube and treated with 0,32 ¢,. of 
cold thionyl chloride in the presence of a drop of 
dry vnyridine and the solution vas allowed to warn to 
room temperature, After 1/2 hour it was refluxed for 
10 minutos and distilied, The crude acid chloride 
wha then dropned slowly into ice-cald concentrated 
enmonium hydro:ide, The precipitate wes extracted 
with a totel of 15 nl. of chloroform in three portions 
&xi the chloroform solution was evaporated on a stean 
bath tc dryness, The residue was crystallized from 
dry berizene civing @m.p. 162,8.164°, (Jones reports 
166, 2+167.4°. ) 

The 3a-chlioresseid obtcined by decarboxylation B 
above wos aleo convorted to its amide by the ebove 
procedire ylelding crystals, .p. 169,2-170°,; thie 
Mede WEB Dot Copressed when the mnaide was mixed with 
tho amide of the above perarranph. 

Procedure II; The amide of decarbozyla. 
tion A 3a-cliloroncid was also obtained by refluxing 
6.03 ¢ of phosphorus trichloride with 0.1 g. ef the 
acid for one hour and adding the reaction product slowly 
to 2 nl, of ice-cold msmoniim hydroxide, The resulting 
mixture was oxtractod with chloroform, the oxtracts 
wero evaporstoed, “xi the residue was reorgstallized from 
benzene yicleing crystels, mp. 170-171e8°. 
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Procedure {21} A third synthesis of 
the anide wae offected via the nothyl ester, 3e-—Chiors- 
acid (0.5 ce) (decarboxylation A) wea dissolved in 10. 
ml, of absolute methanol and 2 drone of concentratad 
sulfuric 8cid were nddedy the mixtiso was refluxod 
for 5-1/2 hours and the nothenol wea eraporatod, 
fhe residue was taken up in ether and the solution was 
washed with sodium bicarbonate solution, died with 
magnesium sulfate emi diatilled, The distillate 
was troated with 2 m2, of cuncentroted emmoniim 
hydroxide and the uixture wos bolle te give a hom- 
goneous solution, The rcactdon product was oxtracted 
with ether, tho crtracts were evaporated and the 
rosidue was cryntallisod from bongenes Bap, 166-174", 

P-2ronuophnonascyl esters Using 0.1 ge, of the 
3e-chlorcecia from decarboxylation A, the procedure 
rocommended by Skrinox ext Fusen (29) yielded fine 
noedies fren water-ethanol, m.D. 110-112,2°, the 
mixed molting voint with mre p-bromophenacyl 
bromide (mp. 109,8110.5°) was 86.94°. 

Anni, Caled, for CugtlagOgBrCl: C6; 7.08: H, 3.65, 
Fowl: C, 46,16, i, 3%. 

Using, C.1 ge of tho 3a-chiloroncid from . 
docerboxylation 5, the shove mocedure was ropeated 
yielding ncodles, mp. 111-112°, which showed no 
depresnion with the mbore ester from the 3a-chiore- 
acka of dccerboxylation A. 


afeo2, To-Mloroscic pixtume: ‘The 5-chicroe 
cyclobutane-1,1-dicorboxylic seid dichloride was 
comvertod to the digoid as noted above, However, 
the diacid wap not isolated art tho crude mush 
fron the other ovaporeiion was cirectly heated to 
180° for 20 nimitos end tho product was distilled 
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41 
at reduced pressure, The yhelds averaged 66,2 % 
of 5~-6° boilinc-renge noterial, 

Properation of the column: A 1,8 x 52 om, 
oolumn was xopered from 17 5. of silicic exnid, 

3 Ge Of celite, 1 mM, cof brompcreccl green solution, 
1.7 ml. of water, 8 mi. of ebscluto nethanol and 
1.5 drops of 1 N ammonium hydroxide ecoormting to 
the scheno cs outlined weler soperrtion of the 2a. 
emi Sbechlorenoiis, 

The popernison: A 0.1025 5. sammie (C,00076 
molo) of the nixture was taken up in 2 mi. of 
hMhexono and the solution was added slowly alongs 
the sides of the tube ebout 1-2 mm, above the 
silicic asid, After it wes adsorbed onto the silicic 
acid, the sides were washod with an additional 1 ml, 
of nehexmme, The washing was aisdorbed onto the 
silicic seid ent the tube was carefiy fhiiod with 
n-hexane so thet the surface of the silicic acid 
wan not disturbed, The cslumm vas then developed 
es described for the sopsaration of the 2a and the 
ab-chiorwoacids., Figure 6 is a plot of the titration 
veucs of tho first 46 fractions taxon efter 90 ol, 
of m-nexene had passed through the coluwm, tho. 
Frocediwo for titration was thet of Hrrvve2 ani Randis 
(26) using 0.0197 N sediuwm hydroxide, 

A 0.1053 g. sample (0,00078 molec) of oa mixture 
derived fron a different. sample of 3-chlorocyclo- 
butane-1,l-dicardboxnylic acid dichloride wea separstod 
vier the seme conditions ma the resuita of both 
experinents are summarized in table II, 

Igentitioniton ef tho bonis: A 5.8 x 56 om, 
column was pasked 4n the usunl mermer with 166.6 c. 
of silicio acid, 33.4 & of solite, 10 ni, of 
Andisater, 17 ml. of water, 380 mM, of sbeolute 
methanol, om 15 drops of 1 N ammonium hydroxide, 
Tho Zschioroacid mixturc (0,997 6.) dissolved in 
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eyclobutanecarboxylic Acids 


Mi of 
0.0197 
NH. NaOH 


225 


2.0 


1.5 


Fraction No. 
Effluent (m1, ) 


Figure 6, 
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TABLE XI. 


Piece 


Seapie FPreotions i. of Percent of Rostmnes 
9.0197 tal 
H Nady aold 


0.2025 0-15 19.72 55 3a-ohLere 
16.36 10.62 30 Sbechilore 
0.1053 0-25 24, 40 &7 3a-ohLeroe 
Bue h9 Pe 5) 31 3ochilore 
Avoraget Si 3anchlore 
Total acid comtent of Se Sb-ohloere 
nixturc aocounted for: @. 


wi, of n-hexane wea added sm washed ante tho 
colimm in the usual mumer, Devolomet of the 
colum with n-hoxane gave two well defined bends*. 
Afters 12% af. of ecluete hed peased thrwugh the 
colum, 5O ml, fractions were scliscted. Prosttons 
8 ami 13 from the first hand were combined, taken 
up in petrelow:s ether and reorystaliiced at aa, 
-SO* ylolding a solid, u.d, 51-52,2, the 3a-chlorm.- 
acid, 

Ansl. Caled, far GyliyO.021 GC. 44,655 H, 5,25. 
Found: 0, adit gare 


Seidl oh era Ala Bede Sel Ge Kia ae cae 
wero similerly yurifiod at -60° fron petadleun 
other ylelding a solid, mp, 45,8.45,5°, the Tb- 
chlorooyclobutancocadoxylin acid, <A portion of 


ad 


butenossrhorviie seid by its mixed molting point 


aLé not confirm its revosenss in the same docerborylae 
tion mixture, 


{ip one experinent @ third bent soparsted fron 
pMiledbainc ppd big fae peti rye The aetd 
% of this band waa identified as the 2c~0hloro- 


th authentic netertel, However, similar separations 


% 
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this ooid when mixed with « sagpls of the Ja-chicro- 
acid resuited in immodinto melting at room tenpers~ 
tuxe, 

Anal, Gnlod. for CgMyO,_01s Cy 44.653 H, 5.25 
Fowl: Cy, 44.413 Hy 5.57. 

Apice: This derivative was vropmred by the 
timoe procedires (of, p. 39) a8 outlined under the 
3&ohioreacid, Table TIL summarizes the date. concern 
ine the amide of the 3~chioreaniis,. it would appear 
that only one amide was forned and thet ono isomer 
was possibiy converted into the other by an operation 
in each of the timvee nethods, 


TABLE 12%. 
| Hothead 
Actas 1, S001, Le PCls 1. CHeoH, H° 
2, MO 2. WHOH 2. NEO 


hen enter Go mate 


3oechLoro: &) 162,0-164 b) 170-171.8 ¢) 166-174 


Pwohloro: 4) 166.5-169,5 ©) 172.5-272.8 2) 173-274. 


Wied mp. "a: afd = 169.96169.5* b/e = 169-171° 


DBO DINE cE This derivative, prepared 
ain the went 3 meres (a9) end reorysteliizod from 
water-cthomol, cave & SO11d, Mp. 63.5-64.0° 

Anfl, Oaled. for CagHaqOgbrtl: C, 47,08; H, 3.65, 
Found: ,46,.653 i, 5,82. 


Latvered Absorption of the 3-Ghioxoscise 
Tho spectra were taken in cerbon totrachloride 


eolution (0.050 g/ml.) using 0.05 ma, sodium 
chioride celis with the Poerkin-Liner double boan 
spectserphotometer, Tho acid senplea used were 
those for which the nicroansiysis have been xeported 
above, iInfrarod data concerning these acids hayo 
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45 
been cullected in teblos vy. and Vi. (p. &7) end 
4n figure 7, pece 8. 


Aztenvted Loomopazation of tho 3-Chiormsciss 
Samples of 0.1 ce. oneh of the puro 3-chloroacids 
were sealed in seprrate 6 =x 100 mn, tubes containing 
0.5 ml. of concentreted hydrochloric acid and heated 
et 120.13%0° for 45 minutes. ‘Tho blackened contents 
of the tubes vore extracted with ether, tho ethor 
selutions evaporated, ond the residues were boiled 
with bennone to remove water, The benzene sclutions 
vere cvanerated and ths residuom teken up in hexane 
ami chrountograshed on 20 ¢ colurms fm described 
in the siniler experinent with the 2-chleroactids. 
Pure samples of the 3chlornacids vere alse 


chronetocraphed os contruls. Ho evidense was obtained 


to indieste that apprecichle isomerization had talron 
place. 
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SUBARY TO PART I. 


It has been tho purpose of the present part 
of the study to proparn 5 isomeric monochlore- 
eyclobutencesrbowylic acids. Five acids hrve been 
mropered and a summary of certain deta concvaming 
those compounds 30 siven below in teble IV, 


TABLE IY, 
The Honochlorocyclobutanssarboxyiic Agids 


om ome, ee a RR AT. 


Oe tte eR ee ae ome oe A OE “RI oe RNR 


MePef§ OF M.ePp. Of tho 
Acid b.p,/mm, p~bronoe phen- ngs 
acyl ester 
202  111-112°/ 12 214.115* 1.4545 
2a-Cl 97-98.5° 88-89,5° ) ~ 
2-Tl 1200122,5°/ 14 T36~T4.21° 1.4732 
3a-C1l = 591. ~52,.2° 110-211,2 - 
3de-C1 43,.8.45,5° 63.964" = 
Aci lMLoroanalyses Toste: 
Cexben Hydro- Deil- 2% Br, in 
GON stoin  HKlind, CCl, 
ech 844,58 5.23 (+) (- (-) 
2aeCL 4AAT, 5.16 (+) (-) (-) 
MCL 435.55 5.30 (+) {-) (-) 
3O—eCL A469 85.52 (+) (-) (-) 
SbeO1L AL.41 865,57 (+) (-) (-) 
Expoot: 44,64 5,24 (+) {~) (~) 


*Helting roeint of anide, no p-brononiionacyl ester 
woe obteined using the stendanl reocedure (29), 
t 


For a discussion of this valuc see pogo 26, 


\ 
| 
| 
| 


10 REIT EEN ALES PL PEN WO) GE ERE 


ore ae UeToReTe mas PE PRS NTS POE 


nie Weds bi at apea teed mame «te 
c - bi 


ae Rar RARLA GOT 


Ys F 


ap gts 


ome oe om eee. 0 ee ee ee ee PG San TTF Ree ate 


47 

Tais table shoves that tho mropercd matericis are 
2sonore, ero mot unsaturated, and ere each differcnt 
chomier] individuels, Exemination of the 7.7-9.4 
nicron resion of tho infrared spectra +111 attest 
further to the Lattor conclusion (of, ficure 7 snd 
table V.). While mresonce of the cyclobutane 

ring wes not dcfinitcly provod, its sresence is 
§faplicd from the fast tiet tho Infrarod absorptions 
of those Lsoners and that of tho Imorm cyclobutane- 
oarboryiic acid contain four usajor bends 4n common 
(cf, firuro 7 orxl teuble VI.). 


bie ARE Me 
Dintingulehine Recion (7,7-8.4 microns) din tho 
infrared spectre of the Cyclobutenecarboxylic Acids, 


wee 
NS A Ga A eR CR ef Ra NE LS SETS HS ay RY AR: NN Hare! me 


a tate ee 


no Cl reve: - 7 8.12 8.32 
1-C1 reves - 7.96 6,25 - 
204. CL Tetd> Tet 8,02 8.15 ~ 
Sb-Cl - 7.82 7.95 8,18 8.39 
3e&-Cl - 7-8 8.00 8,12 o 


S-CL - TeTT 709 8.32 ~ 


Ne ee 


‘ULE VI. 
Major Bends im Common in the Iinfrered Spectra of 
the Holoacids 
ami that of Cyclobutencearboxylic Acid (in microns), 


I te en | ON Ne NOE RS ee 0 EERE Sanh Ae SO NO OAT + Sree 


| Ae On 9 ae Oe a 


no Cl L~Gl 2a-C1 b~-CL 5e-61 3b-Cl 


na ERE 


3238 Set 340 3639 34 5.38 
5, 34 - 8D e8L 5e8 5.85 5.85 
7.00 7.0% 6,92 7.0 7.00 6.98 
10.62 20.85 10.860 16.65 16,65 10,65 


Oe eee a ate ae: NS Ore em eR OE Se nt ee 


4s the result ofthese data it may be concluded that the 


five desired isomers heve boen prepared and character- 
4zod, 
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PART ZI. INVSITIGATION OF Tie PREX RADIGAL CILOR. 
INATION OF CNCLOBUTALECISRDOAYLIC ACTD 


Pert I has denlt with the indirect prenvarction 
of 5 isemerte mensctloroayclobutencosrborylis acids 
by methoads iniiostive of structure, ‘The aiventages 
or & direot mothed, 1.0. chlorination, are obvious, 
It is the mapose of thie part to investigate the 
possibiitties of this latter method. 

Ash and Brew (1) have studied aliphatic 
ohlorination in some detail in tho straight chain 
peplea, In licuid-phapse free radical chlorinationse 
two festers aro inportants the inductive effeot of 
6 avostitumt and the satability of the orcemio froe 

The carboxyl crow se a substituent has 4 -7 
effect. This electron attracting croup wilh hindor 
the removal of o visinal hydrocon atom, since such 
B Yenovel necessarily involves the loss of m oloctron, 
Mereovor, this hindrance would tend to be crentest in 
the inncdiate viainity of the group, One world the 
predict that frwe redicol ohlerinstion, which is 
thought so mrocesd by the initial withdrawl of a 
tytrogam stom [2), would take place most roaiily in 
yositions futhest removed fron the carboxyl group 
oy ite derivatives, That this i6 the cass, was 
shown by the sbeva authors (sf: p. 31), In the free 
rediceal chleminsation of 1,i-cyolobutensiiosrboxyi io 
oesé dichloride, the details of whieh were discussed 
au Fert i, Wear theory wes unnold (ior the first 
tane in a oyolic system) in that chdorination 
progeeied alsost ontirely in the 3-position, The 
yomites obtained in Part I alec can be interpeote!d 
as cs confirmation of the Ash-Brown sbsorvation that 
the effect of identical substituents 1s additive, 


a) 


wey 


52 
Crrenic free redicels seen to react in tne 
orter mrinery > sccondaxy > tortiorg (1). It 
also has beon advenced thet whore tro or moro 
producto mey be possiblc, the onc obtained to tho 
one derived from tiic most sterbic froc radical 
Antormediate (5). With 2,l1-cyclobutenedicerbexylic 


seid cll the possibic intermediates are secondary <= |} 
redicals aml, thercforo, one vould exnoct tho “= 


Ainduotive offeet to control tho roaction oroduct, 
whieh seems to be the ense, Towever, in the case of 
cyclobutanoccarbouylic acid, In addition to G possible 
occomlexy radleels, thero is « possible and rreswiabiy 
more stablo tertiary tntormodlate involving, the +% 
1l-porition, ‘The results nrodicted by conclidoration b 
of the inductive offect sxe inewo tn ornopition to 
tise mprodictoed on the assumption that tho nest 
stable Treo redicel intermediate determnincs the 
troduct. fn exporjnentri study ls thus nocessary to 
cetemaine which offect 15 nore inwortant in the free 
rodioal chlorinnstion ov this cempound. 

fo investicate the froc radical citorinction of 
cyclobutenccarborylic acid, onc needs a nethed 
for tho enelysia of the chiorinsted misture that 
would theoreticelly result, If conditions cen be 
controlled so thet only wonochlorinetcd mroducts 
erc obtained, the annliytical method need cpoly 
only te the soparation an identificetion of tho 
5 noseible rosition iveners of monocivlorocyclobuteane. 
earborylic acid, The tochniques described in Part I 
should be pertinent to this problon, 

Accordingly, the chronaterrenhic mothod 
previously covelopod was studied further as an 
enalytioal tool in tho Asonor seperation. A 6G Ce 
(s4licle aeid + colLte) column provod the nest 
corvient fron the stendsoint ef accuracy and tine 
conswintion, A mixture of a-, ch-, 35a emi 5Sb- 
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ee ee eo4ds wan enpiiy separsat- 
ed (ca, 75 % recovery). by such a colum, Ay 
Asolating the Pea the senuence of offluent 
natortals was shown to be 35e-chloro-, db-chlorme-,; 
3p.chlore- and 2e-ochlororsid, The offluent peake 
wore aiso noted, The l-clilorcacid ond wunchlorineated 
acid were seperately rum ond their peaks observed, 
A value, which may be called the effoctive Ro» was 
obtained by Syeraieae Ry VelLuos, obtetnoed in the 
usurd, mannor* » in the 100-600 mi. effluent rence. 
This approximation was nesossary boaomuse the allicic 
seid was packed rather loosely ani tonded to settle 
in the 2-1/2 weokn necessary to develop the colurmm, 
Tighter packing resulted in more constant Ry values 
but necessitates loncer periods of develomoent, 
The effective Ry Values for a given band on 
colwms epperently operating unfor the sano conditions 
vere not always identical, However, on the sane 
colum, & shift (from an arbitrary stander) in the 
Rp velue for eny band wan accompanied by a correspond- 
Ang shift for tho othar beris. Consequoeritiy, it was 
possible by apnlying on apnmror-4cte corroction to 
mekxo all ool.umms comparable, The total offluent 
sequence and columm constents for those acids are i 
summarized in teble VII. j 


TABLE VIL. 
Stemiand Values for the Uffluent oaks and Effootive 
Ry’ for the Cyclobutonesarboxylic Acids (60 ¢ colwm), 
(Average errors: peala = + 3O mes Re = = + 0.0C7) 


Ae AOS soem meme yes aot ate ETS camera saeetet ARTA EY at emer nth -e-dimatth eane OOM ome 


Sequence: m 02 3e-Cl 1-Cl 2b-Cl 3b-Cl 2a-Cl 


AH Oo RR 8 a ENO 


Peake (nl.): 320 380 420 540 720 1060 
Ry $0Re} + 0.18, o.24, Ory 205 0.07% 0405 
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It will bo noted that the range for the 1-chlore- 
etd (390-450 m.) and thet for the Ja-chlornacid 
(350-410 mi.) cvarlap end trouble im sopmrat.on on a 
60 ¢, column nicht be antiolpated, I% was fous that, 
when two bends vere present tosother, a titration 


ag oe Y 


‘ sei 

i curve resuited net wmlike thet of the first band ‘ 
of fisure 8, A eaniquantitative approximation of a” 

the enoints of the tive acids was made in such ceases : 

* 


by extonding the downverd slope of the perk and in 
| such a menner resolving the curve into two poskes. 
! The value of this nothod, as apolicd to figure 9, 
f w4L1 bo discussed later (of. p. 61), When an 
é attenpt was nede to seperate e mixture of l-chloroe-, 
’ a~chlore-, arxi 3-chlorocyclobutenccerbo::ylic acids, 
i it was found thet corrolote seperation was offected * 
omy by using e 120 cc, colum, Such # colum 
e.g reculred over a nonth to develop, Therefore, tio 
60 Ge cOlurms were plscod one above the other anil, 
efter the first two beexis (3a-cliloreacld and 1-chloro-~ 
seid) had temsferral thonselves onto the second colum, : 


Se ee 


each column was cenparately devoloped, Valucs 
‘ obtained by this method were 5-10 % low and, as 4 
& practical analytical tool, it vas abandoned, 
¢ The actunl chlorination of cyclobutanccarhoxylic 
) | acid was cerriod out without oa solvent oni with ea ae, 
f 5 % excess of sulfuryl chloride in the nresence of | S| 
‘ benzoyl peroxide, the tonporaturc rising te 115° in 4 
$ 4 


a 45.mimite reaction interval. Fractionation of the 
reaotion mixture indicated that 49 5 of the rreduct 
was monochlorinated material ami that 2 % of the 
oyclobuterccarborylis acid waa unmruncted., Smaples 
of the crude reaction mixture ani of the fractionated 
nonochlorinsted material were chronatozmaphed on 

60 ¢ coluzms, Undor these conlitions cecucl saowmts 
of the 3e~-clLloroacid ond of the wchlorinated acid 
ney bo coperated, Howerer, the relatively lorcoe t 
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Separation of Crude and Frectionated 


Chlorination Mixture 
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| saounts of the unohiorineted acid present in the crude 
reaction mixture lod to the situation shown in 7icure : 
8: the ouwrve of the wohlorinated acld overlepping the 
next (3a-chleroscid) band, Observation of thie chrona- 
togran of the cme mixture indicated 5 bands, whose 
positions up the colum apreod with unchlorinstod, | 
36~shLor0-y 2b-chloro-, Fh-chloro- axl 2a-clilore- 
solids, respectivoly, Ths onalysle cf the frectionnatod | 
nonochlorination product indicated that, within 
experimental errer (ca, + 5 %), 38 % of tho total acid 
content was Zb-chloroacia, 34 % was 3e-chloreacid, 
10 % was 3o.chloroaché anf 1-chlororgeid and 2e-chiloro~ 
acid wore absent, The three acics prenent in najor 
amounte were isolated and identified, Althougn a 
band corrospomling to the 2n-chloroaold was sean on 
the colwm, this acid could be neither isolated nor 
titreted ani, therefore, mist bo urosent in lops 
than on. 5%. Tho leahleroacid could also bo 
reesent to the sano extont and not cmuse e deflection 
in the titration curve observed for this freetionated 
mixture (fis, 8). TAtration of the acid components 
of the nixtwe which do not mevo down the colwm 
Aingioated they composed 6.5 % of the total acid 
content of the fractionated mixture, Thus, 86,5 % 
of the acids present in the monochlorineted frnaotion 
were accounted for, 
The question mey arise es te whether tne analyzed 
fractionstion mixture was romosontative of the original 
crude mixture, The relative snounts of the chlorinated 
Zeoners remains constant if no inonerinzation, deoonpes- | 
oition, or other loss of the escids has tekken place 
&iring tho distillation. Dirsct evidonce on the extent 
of change during Ustillation is leackince, but it is 
belleved not te be a source of crror creater than that 
4nhorent 4n the anelyticel method. he fatlure to k ™ 
ebscrvo the 1-chloreacid in the fy actioneted nateorial 
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ic mt dnc te a loon ducing distilletion, sinco it was 
shown (in cormection with attenpts to prepare the 
l-chloressid from its <ofd chloride) thet mixtures of 
the unohlorinated and 1-~chlereacids cand offectively | 
be soparated hy fracticnation, A loss of the other y 
acids is excluded since these boil in e still higher 
range than the l-chicro isoner. 
in view of the ratio of shlorinetion in the l-, 
Zoey OM 3-positions of 0:38:44, the chlorination of 
cyclobutenccerbozylic acid may bo anid te follow tho 
pettemn set in the straight choir ssories, The results 
obtained indioats that 1t is tho inductive effect of 
the cnrvexyl sreup which determines the products of | 
the ronction, 
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Boparntion of ¢ Sunthchis iisture ef 2-Chiere- ont 

Sefhlorecyeloputensomrboryiis ichis . 
The chromato;raphic tube was constructod by 

setling « atendard tapcred 45 um./50-ma, outside 

joint to the upper oni of « 50 x 1.8-em. clasa tube 

in such « manner that & reservolr of oa. 7O mi, 

(8 x 3.5 em.) wes loft above the narrever tube ant 

below the ground sless portion of the joint. At the 

lowex ond of tho tube was sosled a stopcock (4 an, 

pore) with # 12-en, blumt-enied take-off nten™, 

Belew the stopoock (2 am, ) was sealed o atenderd 

tapered 45 om,/ 50-mm, inside joint. such construction 

Sllowed tubes to be used intividually or in series 

(of, Pe 55). : 
Using the above tube, se 60-¢,. colum ras 

Prepered in the usual monnor (of, p. 22) ommloying 

51 G of ellicic anid, 96. of colite 545, a4 ni, 

of absolute methanol, 3 ml. of bromocrcsel grean 

eolution, 5,1 ml. of water and 4.5 drops of freah 

1 N ammonium hydroxide, After the colum had sethlod, 

0.0836 ¢ of orile 2-chlorvacid mixture (af, p. Tl, 

procedure B) md 60,0872 ge of arude 3-chloroncid : 

mixture (of, p, 40), sucpomfled in 2 ml, of nehexane, , 

were aided, Tho colum was devolepod in the usuel 

nennex' wntil 350 mi, of n-hexane hai boon collected, 
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*te stem was 90 designed as to enable convenient 
stopoering, im periods betwoen actual encreation of the 
potatoe Contimous collcetion of a complete chronate- 
6 deys, in ormier to colioct 10 m1, 
motion for subsequent titration, 2.1/2 weeks woro 
sr ts because the column was overated internittent~ 
ly (steppered overnicht). 
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Frestions (10 nl.) wero then collected el titrated 
with 0,017 & sodium hydrexide by the method of Hearvol 
andi Reis (4) untéil 1500 ml. of the offluent had 
beun smelyzed@, The titration ourve in shown in 
figure 9, 

identisiontion of tho bonis: The shove experi- 
nent waa repeated using a 40-¢,. column emi 0.0961 fe 
of 2-chlorescids and ©6,0306 gc, of 3-chiorescidés, when 
the 2ower bani had reachod 19 om. dolvuw the aurfeoe of 
the allicic seid, cluting was stonpved, The column 
waa extsuded end the bands cut free, ach section was 
trested with other, the ethercal solutions wero 
evaporated, the rosiducs were holled te drynces with 
bengene and soiids obtained were recrystallised from 
potrolow other at -60°, The results are summarised 
bolows 


Bectesa brawls ReYe 46~50° gollew sorta 
ami, beards “= yollew oi2 

3rd, bands MeD, D752 yellow so014a 
. top bends MePe 92-95" = yellow solid 


‘he second and top bmis corresvem to the 2-chloroacids 


(2b~ liquids 2a- mer G7~-98,5°) the chromateocraphic 
soparation of which has peviciwmly beon invwostigated 
(pege 24) the 2o-chlorcacid presedes the Qa- inomer). 
The bottom snd thir bands must then corresnord to 
the 3-chloronelas (3e- mp, -52,.2°5 Jb- mp. 43.8~ 
45,5°), the ralstive positions of which are known on 
® oolum (poce 41g the 3Sa-chloraacid bend lies below 
that for the 3b,acid), Tho ebeve banis are thus 
Sdontified oni the amtier is shotm to bo: 3e-5 ab-, 
jb-, and ca-chloroacida, 


oxder of the Nes pee jae estebl ail at wes 
peesiblie te aheok the eecurmcy ef the analysis using 

the data on which figure 9 4s based earl osmpering the 
results against those obtained (paces 22ff, and Aorr, ) 
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| , Figure 9. 60 Efflu- 
Separation of a Synthetic Mixture 


of 2-Chioro- and 3-Chloroeyclo- (m1. ): 
| butenecarboxylic Acids 
1159 
1050 a 
, 
950 
850 
3 * 
750 : 
650 i 
i 
550 
PM 4 
q 
“ 7 
si : 
10 86450 
‘ Frac- | 
} tion & 
WM. ofBase: 1.5 No.3 4 


64 
with sinmnlor columes, The findings, summarised in 
tehle VIII, indicate that this coliwm can fimetion 
effectivoly as om analytical tool when applied to 
the fouwr-componont ayotem. 


TABLE VIII. 
Suamery of Anaiytical Data 
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Acta Fractions i, of Corz, Caled, ** | 
Collceted 0.017 N ml. A gs 
neou 
3a~Cl Onn4 18,66 18,66 25.5 26 
%b-C1 15-30 9,36 9.90 13.5 14,5 
3b~-C2 31-62 12,88 32.95 16.5 215.5 
2-02 63-102 «17642 16.74 23,5 26.5 


Se anne ammnientiaesinatitimenes cine ene ommemnmmeliemememenaiemene 


4 Percent of total seid content, 
Based on rosulte obtained with two-component, 
colums (28 and 3 5a ond Sb), 


Stomiend Velucs for the Bitinont Zeakes snd iifective 
Res fox the Cyolebutenoomboriie Abide 

Umer the conditions usal fox scpnmration of. 
2-chloro- maxi 3Zechioroncoids (00 Ge. colwm), 0.0606 
gS» of cyclohitanccertorylic and (soparatoly) 0.06358 | gs 
f. oF l-chlorocyoclobutancemmhbonyiioc acid sero chrome. : 
tographed, The effluent values observed” for thene . 
columns, a8 woll es those vhich were read from figure 
9, have dDeon recoried in table Vii. The values of 
tho effective Rp Given in table VIZ were dorived 
es pmrtdally show in table IX (p. 62), 


Aha cate SO LANE CREE OA ALE ALON LOY COI SS ALI CS OE eS SAAN AO Ae A OOS Me oes Se rt ln Or Pen | ance 


+The effluent valucs vero observed from five 
Siniiler colwums ané the everace orror 0s oeleulatod 
to be * 30 mle 
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TANLG LX, 
Observed Rp velues* for the Sevorel Cyclobutene Acids, 


A = AAPL A. ee OT A A A CRT I te ee 


Asia Totel MAllAters of Effluont 
1oo 125 #175 #225 275 30 350 450 averages 

m Ch — ,295 2190 .165 .158 .157 - - 0.18, 
2-c2 2240 .138 .139 0137 .132 4.130 1G 0.13, 
2¢—CL 4060 .051 .057 .057 .055 .050 .O5) .OFL 0.05, 
@b-C2 = 4110 110 .110 .105 .103 .103 .101 0,10, 
3e-Cl - .160 .15 610 140 140 - - 0.14, 
FoROl .095 .082 .C85 .080 .076 O77 .076 .075 0.07%, 


Oe. AD Rt ee meme 
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*ime Rp (rate of flew) veluo is numericolly ocuat 
to the distance teaveled (in on.) by c particular band 
in a piven time divided by the volum (in mn.) of 
effluent collected during this poriod, 


The averages rovreserntod in this teblo mre tlic 
result of mmerous columms en’ do not necessary 
ropresent the evorece of the firures given. Ccnorally, 
in order to compere columns, a cuentity (constant for 
that coliwm) was added to all veluce obteinod, Before 
this correction, the eversge orror in tho velues was 
calouleted to be + 0,007. 


Prec Redical Chlorination of Cyclobutenocerboryibe Aald 
Cyslobutanecerboxylic sc4d (20 G = 0.2 mole) 
end 0.5 5. of benzoyl porezide waro placed in a 160- 
ml., Jenecked rouni-bottemed flask oculpred with 2 
dropping funnel, thermencteor (bulb in Liquid), end 
® reflux comlonser (tonped with a celcium chlorido 
tube), Suifurvl chloride (ly 1m. = 28.4 54, = 0,710 
mole = 5 % oxcesa) was added slowly during 15 mimutes,. 
Tho solution wes brought to reflux in 15 minutes 
and refluxed for 45 minutos, At the emi of this 
period tic solution was pole yellow, the tenperature 
wen 115° emi little or no evolution of fimes ven 
obeorved, The crude mixture (25,2 5.) wes fractionated 
by moms of ean cloctrically heated 15 cn, column 


wese mite eet & 


packed with 5 tm. G1.465 helices. The fraction tolling 
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63 
at 98-1.06°/ 24 om. (4.04 co), 28° = 1.4450, necounted 
for 20 % of the starting noterLel (umrcacted 6yclo- 
butenccarbonylic acid), Tho fractions bolling nt 
110-124°/ i4 ma, and 127-130°/ 9 mn, were corbined 
(13.36 Ge, ng® = 1.4721) oni represent 2 50 yield 
of mnonochlorecyclobutanccorbo:rylie acids, 

The experLuent was ronpeatod with 13 co. of 
unchlorinnted acid nocording to the dircetians 
civen above and, of the crude chlorination niccture, a 
sannie (1 ce) was reteinod for subsocuent clyomatocraph- 
fio enolysis, To insure complote severation of the 
chborinated’ exui umchlorinated acids, a 14:1 rceflunx- 
teko-off ratio was voed in the fractionation, 
Unshlerineted cold (29 5) was rovoverod boiling at 
..5-200°/ 13 om,, nf? = 11,4456, At 100°/ 21 om. 
there wes a 6udden rise to 224° and tho Maction 
boiling at 114-130°/ 12 mm, was colloctod, This 
fraction, ngs ss LATO7, woiched 6.18 ©. (49.5 “% 
yield, efter correcting for caiple renoved). 

Analysis of the oliorinsted mintumes: In the 
usual manner, €,2085 ¢. of the material bolling at 
124~236°/ 23 rm. (nee prengeraph cbove) an 0.1996 rr. 
of the eméc mixture fron which 4t was derivod wore 
somrotely chronatogrephied on GO-5. colums, titrating 
19 ml. fractions with 0.0197 H sodium hydrouice, The 
titration curve for each 46 shown in ficure 8 A bond 
moving as 2e-chloroneid could not bo titrated, data 
obtainal from thess colwins have been summarised in 
teble X (page 64). 

Cexrtein eapects of table % need Aurthcr comont, 
Blow moving 263d inmurities trevoled dow half tho 
Length of tho colwen when the arude mixture was 
enalyzed (1/5 the way dewm is normal). It 1e possible 
that interference was responsible for tho mart: 
doviation of the Re VaLuce, Tho fow-ti: peak of the 
emule mixture'’s titration curve wos vory flet maizing 
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peok determination unreliebio, ‘The efrfootive Re 
velueas exvl effluet peak veluos for tho compononts 


of the fractionsted mo’ zture ere with 


2 experinontel 


error fof, tnble VII) oxceyt the effluent veak of 


db-chiorecyclobutanocerbe:yilic acid, 


Hovorer, the 


rete of novenont of this bem, itn position on the 
columm, ond the isolation (s00 bolow) of a low 

melting solid from the bam sorve to identify this 
cibstance, Tho acid inasity wns oxtrinied and ot 


irom the coiizmn. 


fhe samole wes welphed snd 


titrated in the usual canes’ vith 6.0CL9O7 N scdiww: 
hydro:ido, using, an eouel woicht of properly ieperod 
oolumm moterlel as a hlenk, 


TABLE Jy 
Analysis of tho Crude ond’ Fractionated Chlorination 
Vi-tures 
Effeo- Prac- Effly- Mi. of Corr, % 
held tive tion ont 0.0197 it. ef total 
Ry’ Bo. Peak 1 Nooit acid 
(ni. ) content, 
fiuios 
m Cl O17 1-10 320 16.74 22. 25 
3a-02 0,13 21-83 420 13.45 7.93 9 
@owR O22 24-36 SAO 8,36 $8.38 945 
BbeC1l 0.08 52-72 880(?) 3,69 3.69 4,2 
FRAQTTOU Sit 
Joeth O24, 20-26 AIO 27.13 26,53 34 
BbaTL 0410, BVP 550 = 28473 29013 38 
Bull 0607, 38-64 790 7.65 7.86 10 
set Snyurity: 5,00 ~ Ga 
38.5 
7% positive correction of 0.01 wilt was Lod 
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A 0.2191 ¢. same of the natorlial, ng = 172i, 
obtotned in the initiel chlorination exmerinment (cf, 
Dp. 63) was chromatorramhed ext analysed in tho usual 
mamor, Although tho titration curve sowed signs 
ef inpurity, the results were in conor agreenont 
with those obtaincd fer the later onperfient., The 
values found wore: 3a-chlorescid = 41 fy cm Qhechloro. 
ac,zd = 52%, The develomiont of the cokumm wee 
discontinucd hefore the last two berxia could be 
analyzed, 

Faoretion of column senpenonts: iho sepmration 
shown in ficiwe 8 wea ropestod with 00,0054 c, of 
the fractionated nistuce enc the commonents of cach 
majox bend was Isolated as on pace 59 (excert that 
the bends were cluted rather then cut from the celum), 
The lower baal yiclded a solid, Hebd. Wei-51.9°, 
showing, no lovering of molting point with aithenic 
3o-chloreacia, The second band yiclded an oft, 
ng® = 1.4726, (for d-chloroacid this wnstent 1s 
1.4752). <A low nelting solid was 1solrted fren the 
third band; howercr, duc to the snrll smount, 
reoyatellicatian was mt forsible. It was imnoasibie 
to Lcolate either a solid or an o11 frm the faint 
bend moving as ca-chiorocyclobutanocarbo:yille solid, 
Nowever, 2% was possible to isolate in er y4old, 
by rocrystellizetion et O° from petrolewi ether, this 
acid (2e-cliore) fron « aynthctie mixture of chiows. 
eaclds (2a, 3a, 36) em wichlorinatod ald in which 
4t wes present to the axtent of 8 7, 
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